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[Title of Invention] A vacuum tube for fluid sample collection. 
[Summary] 

[Purpose] A vacuum tube for fluid sample 
collection having a design that maintains a vacuum 
condition within, even when the tube is stored for an 
extended period; and sequential changes in the 
concentration of the aqueous chemical that is kept inside 
are effectively prevented. 

[Design] Vacuum tube 1 for fluid sample collection, 
composed of first tube 5, which is composed of 
thermoplasticized resin and acts as a gas barrier; and 
second tube 6, which does not readily permit the passage 
of vapor and is composed also of a thermoplasticized 
resin; one tube is inserted into the other and the two are 
mutually attached to form closed-bottom tubular main body 
2; aqueous chemical 4 is sealed in this tubular main body 
2; and stopper 3 is attached to seal the opening of tubular 
main body 2 while the said tubular main body 2 is in a 
vacuum state. 

[Scope of Claims] 

[Claim 1] A vacuum tube for fluid sample collection with the following design: the tube is 
equipped with the first tubular structure that is composed of a thermoplasticized resin that acts 
as a gas barrier and has a closed-bottom with one end open; and the second tubular structure 
also composed of a thermoplasticized resin that does not permit vapor permeation and has a 
closed-bottom with one end open; one of these first or second tubular structures is fitted into 
the other and attached to each in such a manner that there is no space between the surfaces of 
the two and the two structures jointly form a closed-bottom tube main body with one open end; 
further, the aforementioned tube main body further is also equipped with a stopper that seals its 
opening and acts as a gas barrier but resists vapor permeation, and an aqueous chemical that 
is sealed within. 




[Detailed Description of the Invention] 
[0001] 

[Areas of Industrial Application] The present invention concerns fluid-collecting tubes 
such as vacuum blood-collecting tubes that are used to collect blood and body fluids from a 
body. In particular, it concerns a vacuum tube fluid-collecting tube that is designed to maintain 
the vacuum state of the interior and resist changes in the concentration of the aqueous drug 
that is sealed within for an extended period. 

[0002] 

[Conventional Technology] Vacuum tubes have been used to collect body fluids such as 
blood for clinical tests. These vacuum tubes are equipped with tubular structures that are open 
at one end and closed at the other and stoppers that seal these tubular bodies; and a vacuum 
inside is maintained prior to their use. In blood-collecting tubes, for instance, anticoagulants in 
an aqueous form may be sealed in to prevent blood coagulation. 

[0003] The tubular structures that compose conventional vacuum blood-collecting tubes 
are constructed from glass or synthetic resins. However, due to possible breakage in handling, 
tubes made of glass have recently been replaced, mostly by ones composed of synthetic 
resins. 

[0004] When shipped, the vacuum state within vacuum blood-collecting tubes is 
maintained; but in reality, these tubes are preserved in this state until they are used at facilities 
such as hospitals. In comparison with glass tubes, however, vacuum blood-collecting tubes 
composed of a synthetic resin are associated with a problem of ready permeation of vapor and 
gases such as oxygen. 

[0005] Therefore during a period of extended storage, it is possible that external gases 
will invade the interior of these vacuum blood-collecting tubes, resulting in a reduction in their 
vacuum state. When the vacuum state is compromised in these vacuum tubes, it becomes 
difficult to collect the desired amount of a body fluid for which the tube has been designed. 

[0006] Furthermore vacuum tubes in which an aqueous form of anticoagulant has been 
sealed are associated with a problem: these drugs can escape in a vapor form through a 
synthetic resin tube, resulting in a fluctuation in the drug concentration. 

[0007] To solve this problem, Patent Publication No. 2-167141 introduces a design in 
which a film that acts as a gas barrier is formed on the interior and/or exterior surface of a 
closed-bottom, plastic fluid-collecting tube. For the coating film that act as a gas barrier, metal 



(e.g., aluminum) or metal oxides (e.g., silicon dioxide) such as polyvinylidene chloride and 
polyvinylidene fluoride and halogenated metals such as magnesium fluoride have been shown. 
Due to the formation of the coating film acting as a gas barrier on the interior and/or exterior 
surface of a synthetic resin, this vacuum blood-collecting tube, which is shown by prior 
technology, is effective in preventing gas permeation, thus maintaining the vacuum state inside 
and preventing the drug inside from escaping through evaporation over an extended period. 
[0008] ' 

[Problems to Be Solved by the Present Invention] In the fluid-collecting tube that has 
been introduced by prior technology, the performance of its gas barrier has been improved due 
to the presence of the film. However, it is difficult to prevent vapor evaporation completely when 
the tube is stored for a long time. Furthermore, the film that acts as a gas barrier by coating the 
interior and/or exterior of the tubular body is only a thin coating. When it is stored for a longer 
period, it is still difficult to prevent completely the vacuum state from deteriorating. 

[0009] The purpose of the present invention is to offer a vacuum fluid-collecting tube 
that seals an aqueous drug inside; such a tube is designed to prevent sequential changes in the 
concentration of the drugs in an aqueous form inside and to maintain the intended vacuum 
state inside when the tube is stored over a long period. 

[0010] • / 
[Method to Solve the Problems] The present invention was completed to solve the 
above-stated problems: it is composed of a thermoplastic resin that acts as a gas barrier and is 
characterized by the following design: it is equipped with a first tubular body that is open at one 
end and closed at the other and the second tubular body that is also open at one end and 
closed at the other and is composed of a thermoplastic resin that is vapor non-permeable; one 
of these first or second tubular bodies is inserted into the other and immobilized so that there is 
no space between the surfaces of the two and a tubular main body that is open at one end and 
closed at the other is thus formed; the opening of the said tubular main body is sealed; and the 
tube is equipped with a stopper that is composed of a material that acts as a. gas barrier and 
deters vapor permeation, and an aqueous drug that is sealed inside the said tubular main body. 
According to the Specification, a gas barrier is defined as follows: one that not only completely 
prevents the permeation of oxygen and nitrogen but also resists permeation by nitrogen at >0.9 
ml/m 2 -24 hours-atm (25°C) and oxygen at >3.0 ml/m 2 -24 hours-atm (25°C) when the thickness 
of the material is 1 mm. The resistance to vapor permeation of the tube is defined as follows: 



resistance to permeation by vapor at < 0.6 g/m 2 -24 hours-atm (25 °C) when the thickness of the 
tube is 1 mm. 

[001 1] The performance of the gas barrier defined above is based on JIS Z1707 and the 
resistance to vapor permeation is based on JIS Z0208 and Z0221. As stated above, in the 
present invention the first tubular body is composed of a thermoplastic resin that acts as a gas 
barrier. The aforementioned thermoplastic resin of the first tubular body is not specified if it can 
act as such but biaxially drawn polyethylene terephthalate (hereafter abbreviated to PET), 
Nylon 6 and polyvinylidene chloride are cited as examples. Among them, polyvinylidene 
chloride that is associated with low permeation rates for both nitrogen and oxygen is particularly 
desirable. For the first tubular body, the surface of a tube that is composed of thermoplastic 
resin that acts as a gas barrier (such as the above-cited PET, Nylon 6, or polyvinylidene 
chloride) may be coated with a film that is composed of another material that also acts as a gas 
barrier (e.g., polyvinylidene chloride). 

[0012] The thermoplastic resin that resists vapor permeation and of which the second 
tubular body is composed is not specified if its resistance to vapor permeation meets the above- 
stated requirement. Examples include polyethylene and polypropylene. Among them, high 
density polyethylene with a vapor permeation rate of 0.1 g/m 2 -24 hours-atm (25 °C) is 
particularly desirable. 

[0013] The thermoplastic resins that form the first and second tubular bodies are 
preferably transparent or semitransparent. By forming the first and second tubular bodies with a 
transparent or semitransparent material, it becomes possible to confirm the state of the 
contents inside the tube by a simple external inspection with the naked eye. 

[0014] The first and second tubular bodies of the present invention are characterized by 
a shape that is open at one end and closed at the other. Furthermore, one of these first or 
second tubular bodies is inserted into the other and immobilized without leaving any space 

between their surfaces, as described earlier. It is not defined which tubular body the first or 

the second is placed inside. As it will be shown in the examples later, the outer diameter of 

one tubular body will be made almost equal to the inner diameter of the other and the former 
may be tightly fitted into the latter so that the two are immobilized. To assure that the two are 
even more tightly fitted, projections or indentations may be formed on the other surface of the 
inner tubular body and indentations or projections may be formed that fit with the 
aforementioned projections or indentations (of the tubular body to be situated inside) on the 
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inner surface of the tubular body to be located outside. Or an adhesive may be applied to 
attach the outer surface of the tubular body to be placed inside and the inner surface of the 

tubular body to be located outside. The last two methods of fitting creation of projections 

and indentations on the surface and the application of an adhesive may be combined. 

[0015] The lengths of the first and second tubular bodies need not necessarily be 
identical: the inside or outside tubular body may project from the outside or inside tubular body 
at the open end. 

[0016] The first and second tubular bodies are composed of the aforementioned 
thermoplastic resin with a certain thickness. The optimum thickness is approximately 1 mm or 
more, by which the tubular bodies can effectively function as a gas barrier or resist vapor 
permeation. Preferably, the first and second tubular bodies are composites that are obtained by 
injection molding of a thermoplastic resin. Through this process, the first and second tubular 
bodies may be easily produced and the aforementioned closed-bottom tubular main body may 
be easily constructed by merely immobilizing one against the other. 

[0017] The aqueous drug to be sealed inside the tubular main body of the present 
invention may be any desired aqueous drug that is normally sealed inside a vacuum tube for 
blood or other body fluid collection. Examples include anticoagulants such as heparin, oxalic 
acids, citrates, EDTA salts, and NaF; and aqueous solutions of substances such as 
tungstophosphate sodium sulfate, anti-plasmin, perchlorate, indomethacin, trasylol, thrombin 
inhibitors, theophylline, adenosine, dipyridamole, CPD, and sodium azide. 

[0018] The amount of the above-mentioned aqueous drug is determined appropriately 
based on the capacity of the vacuum fluid-collecting tube — —i.e., the quantity of blood or body 
fluid to be collected. In the present invention, the tube is closed with a stopper, composed of a 
material that acts as a gas barrier or resists vapor permeation, to seal the opening of the 
aforementioned closed-bottom tubular main body. For the material to form such a stopper, 
those of which conventional stoppers for vacuum blood-collecting tubes are composed, such as 
natural rubber, synthetic rubber, and thermoplastic elastomers are cited. Those composed of 
isobutylene-isoprene rubber or brominated butyl rubber are preferred for their efficacy as gas 
barriers and sealing effects following puncture by a needle. 

[0019] The stoppers described above may be of natural rubber, synthetic rubber, or a 
thermoplastic elastomer with its surface coated with a material acting as a gas barrier (such as 
Nylon 6, Nylon 66, polyester, and polyvinylidene chloride), with a metal film such as aluminum 
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foil attached, or a metal such as aluminum deposited on the surface. 

[0020] The stopper described above is positioned to seal the opening of the closed- 
bottom tubular main body. The design for the placement of this stopper is not specified. As 
described later, the shape of the stopper is appropriately designed in correspondence with the 
opening of the tubular main body. 

[0021] 

[Actions] In the vacuum tube for fluid collection of the present invention, the first tubular 
body provides a gas barrier function and the second tubular body serves to resists vapor 
permeation. The first and second tubular bodies are composed of a thermoplastic resin with a 
certain thickness; and the tubular main body, which is composed by fitting the first or second 
tubular body into the other and immobilizing them, acts as a satisfactory gas barrier and 
effectively resists vapor permeation. 

[0022] Specifically, the present invention introduces the following design: the tubular 
body of the vacuum tube for fluid-collection is characterized by a double structure composed of 
the first and second tubes; for the material constituting the first tubular body, its performance as 
a gas barrier is the sole selection criterion and thermoplastic resins that can perform as 
excellent gas barriers are selected; the resistance to vapor permeation is the sole prerequisite 
for the material for the second tubular body; by selecting thermoplastic resins of excellent 
quality in resisting vapor permeation, the tube is able not only to maintain the vacuum state 
inside but also control the changes in the concentration of the aqueous drug that is sealed 
inside for periods longer than conventional products allow. 

[0023] 

[Example] The present invention is explained further through a description of the 
following examples. Figure 1 shows a vacuum tube for fluid-collection of the first example of the 
present invention: Figure 1 (a) shows its longitudinal section; Figure 1 (b), a cross section along 
B - B of Figure 1 (a); and Figure 1 (c), a cross section with part cut out and with an enlargement 
of the section where the two tubular bodies are fitted together. 

[0024] Vacuum tube 1 for fluid collection of this example is equipped with closed-bottom 
tubular main body 2, stopper 3, and aqueous drug 4 that is sealed in closed-bottom tubular 
main body 2. Tubular main body 2 is characterized by a structure in which second tubular body 
6 composed of polypropylene is inserted into first tubular body 5 composed of polyethylene 
terephthalate and the two are firmly attached to each other. 
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[0025] The first and second tubular bodies 5 and 6 are formed by injection molding of 
the aforementioned resin. They are characterized by a closed-bottom tubular form with one end 
open and the other end closed. The inner diameter of first tubular body 5 is almost equal to the 
outer diameter of second tubular body 6. Furthermore on the inner wall of the first tubular body 
5, multiple interfiling indentations are formed, interspersed around the periphery midway along 
the length (Figure 1 (b)). On the outer wall of second tubular body 6, on the other hand, multiple 
projections 6a are formed to interfit with the aforementioned indentations 5a. Thus when 
second tubular body 6 is inserted into first tubular body 5 and the aforementioned projections 
6a are fitted into corresponding indentations 5a, the two tubular bodies are securely 
immobilized so that they cannot move in the upward or downward direction (Figure 1 (c)). 
Because the inner diameter of first tubular body 5 approximates the outer diameter of second 
tubular body 6, the inner wall of first tubular body 5 comes in close contact with the outer wall of 
second tubular body 6. 

[0026] In this example, first tubular body 5 is longer than second tubular body 6. At the 
opening at the upper end, first tubular body 5 projects beyond second tubular body 6. Thus the 
opening of tubular main body 2 is marked by unevenness due to the difference in the lengths of 
first and second tubular bodies 5 and 6. 

[0027] Stopper 3 is made of isobutylene-isoprene rubber and is inserted with pressure to 
seal the opening that is uneven due to the difference in the positions of the upper ends of first 
and second tubular bodies 5 and 6. Specifically, stopper 3 is designed to be inserted not only 
into the opening of first tubular body 5 but also into the opening of second tubular body 6 so 
that the opening having unevenness due to the difference in the positions of the upper edges of 
first and second tubular bodies 5 and 6 will be securely sealed. 

[0028] By creating an uneven opening for closed-bottom tubular main body 2 by altering 
the positions of the upper ends of first and second tubular bodies 5 and 6, the surface area of 
the sealing portions of stopper 3 and closed-bottom tubular main body 2 can be enlarged and 
the contents within tubular main body 2 can be more securely sealed. 

[0029] For aqueous drug 4, a 3.13 weight % aqueous solution of sodium citrate is used 
in this example. To collect 2 ml of blood, 0.2 ml of the sodium citrate solution is sealed in the 
tube. 

[0030] In this example, first tubular body 5 is located outside and second tubular body 6 
inside but a reversal is also acceptable. The relationship of the diameters of first and second 
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tubular bodies 5 and 6 may be reversed to place first tubular body 5 made of PET inside and 
second tubular body 6 made of polypropylene outside. 

[0031] In the same example, projections 6a are formed on the outer surface of tubular 
body 6, which is placed inside; and interfiling indentations 5a are formed on the inner wall of 
tubular body 5 that is located outside. But the design may be reversed by creating the 
interfiling indentations on the outer wall of the inner tubular body and projections on the inner 
wall of the tubular body that is located outside. Or interfiling indentations 5a and projections 6a 
may be formed at multiple locations along the length of tubular main body 2. Furthermore, the 
cross section of interfitting indentations 5a and projections 6a is not limited to that shown in the 
figure: any appropriate form is acceptable if they fit with each other. 

[0032] Figure 2 depicts a vacuum tube for fluid sample collection that is cited as the 
second example of the present invention: (a) is a longitudinal section; (b), a section along B - B 
of Figure 2 (a); and (c), a section with part removed to show an enlarged view of the key parts 
of the design to immobilize the first and second tubular bodies and the stopper. Vacuum tube 
11 for fluid sample collection is equipped with closed-bottom tubular main body 12, stopper 13, 
and aqueous drug 14 that is sealed in tubular main body 12. Aqueous drug 14 has a 
constitution similar to aqueous drug 4 of the first exampte. 

[0033] In this example, tubular main body 12 is composed of first tubular body 15 made 
of PET and second tubular body 16 made of polypropylene, each closely attached to the other. 
Specifically, first tubular body 15 is located outside while second tubular body 16 is located 
inside, as in the first example. The inner diameter of first tubular body 1 5 is almost equal to the 
outer diameter of second tubular body 16. First and second tubular bodies 15 and 16 are 
formed by injection molding of the aforementioned resin material. 

[0034] By inserting second tubular body 16 into first tubular body 15, second tubular 
body 16 is closely attached to the inner wall of first tubular body 15. Furthermore first and 
second tubular bodies 15 and 16 have interfitting structures so that the two may fit each other 
near the upper ends. Specifically, multiple interfitting indentations 15a are formed to extend to 
the open end of first tubular body 15. On the outer wall of second tubular body 16, on the other 
hand, ridges 16a that fit with the aforementioned interfitting indentations 15a are formed on the 
outer wall of second tubular body 16. These ridges 16a fit with interfitting indentations 15a 
(Figures 2 (b) and (c)), so that first tubular body 15 and second tubular body 16 fit each other at 
the opening but are unlikely to shift along the periphery or in a vertical direction. 
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[0035] In this example, the upper edge of first tubular body 15 is located almost at the 
same position of the upper edge of second tubular body 16. Therefore unlike the first example, 
the opening of tubular main body 12 is not uneven. 

[0036] Stopper 13 is composed of the following: film-type stopper 13a that is formed by 
laminating a polyethylene terephthalate film to act as a gas barrier over a polypropylene film 
that is superior in resisting vapor permeation; and generally cylindrical rubber stopper 13b that 
is immobilized over film-type stopper 13. In this example, the upper edge of first tubular body 15 
is flush against that of second tubular body 16, enabling the use of film-type stopper 13a. The 
design facilitates automatic sealing of tubular main body 12. 

[0037] The material that is used to form the above-described film-type stopper 13a is not 
limited to those listed above. For the film layer that performs as an excellent gas barrier, other 
film layers (such as nylon) may be used instead of PET. In place of polypropylene, materials 
such as polyethylene films may be used as a film layer to resist vapor permeation. 

[0038] In the second example also, the relationship between the dimensions of first, and 
second tubular bodies 15 and 16 may be reversed to place first tubular body 15 inside and 
second tubular body 16 outside. The fitting structure may also be reversed: ridges may be 
created on the inner surface of the tubular body that is placed outside and interfiling 
indentations that are fitted with the ridges may be created on the outer surface of the tubular 
body that is located inside. 

[0039] Figure 3 shows a longitudinal section depicting the vacuum tube for fluid sample 
collection of the third example of the present invention. In vacuum tube 21 for fluid sample 
collection of the third example, stopper 23 is inserted under pressure into tubular main body 22 
that is closed at the bottom and open at the other end in such a manner that the said opening 
may be sealed. Aqueous drug 24 is sealed in tubular main body 22. This aqueous drug 24 has 
a composition identical to aqueous drug 4 that is used in the first example. 

[0040] As in the first example, tubular main body 22 is composed by combining first and 
second tubular bodies 25 and 26 that have unequal heights. First tubular body 25 is made of. 
PET and second tubular body 26, which is located inside, is composed of polypropylene. As in 
the first example, first and second tubular bodies 25 and 26 are formed by injection molding. 

[0041] Stopper 23 is also constructed like stopper 3, used in the first example. The 
difference between the first and third examples is that here first and second tubular bodies 25 
and 26 have no interfitting structure and they are immobilized by adhesive layer 27. Specifically, 
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the inner diameter of first tubular body 25 approximates the outer diameter of second tubular 
body 26; and the inner surface of first tubular body 25 and the outer surface of second tubular 
body 26 are attached and immobilized by adhesive layer 27. The two tubular bodies may be 
attached by methods such as coating the outer surface of second tubular body 26, followed by 
insertion of second tubular body 26 into first tubular body 25; and applying an adhesive to the 
part of first tubular body 25 that comes into contact with the outer surface of second tubular 
body 26, followed by insertion of second tubular body 26 into first tubular body 25. 

[0042] For the adhesive that forms the aforementioned adhesive layer 27, any 
appropriate adhesive that is capable of attaching the two tubular bodies may be used. It is 
desirable, however, to use an adhesive that will yield an adhesion-hardened product with an 
efficient gas barrier function to improve the gas barrier function of the layer. In the present 
example; first tubular body 25 is composed of PET and it is preferable that for the above- 
mentioned adhesive layer 27, a co-condensed PET-type adhesive agent is used. Co- 
condensed PET-type adhesives are .those having major components that are composed of 
. amorphous polyesters that are obtained through co-condensation of PET and other acids or 
alcohols. For examples of such adhesives, Videne by Goodyear and co-condensed polyesters 
(Esterresins 20 and 30) by Toyobo are cited. 

[0043] The co-condensed PET adhesives described above may be used together with 
the interfitting structure also described in the first and second examples. Next for an 
explanation, an example of a specific experiment is given below. For vacuum, tube 1 for fluid 
sample collection for the first example, the following were prepared: first tubular body 5, 
composed of PET and measuring 75.0 mm in length, 12.5 mm in inner diameter, and 1 .2 mm in 
thickness; and second tubular body 6, composed of polypropylene, and measuring 73.8 mm in 
length, 12.5 mm in outer diameter, and 1.2 mm in thickness. By interfitting the two, tubular main 
body 2 with a capacity of 4 cc was constructed. Into this tubular main body 2, 0.2 cc of a 13 
weight % aqueous solution of sodium citrate was placed as an aqueous drug. The inside 
pressure was reduced and the tube was sealed with stopper 3. 

[0044] A blood sample was collected using vacuum tube 1 for fluid sample collection 
that had been prepared as described above. The process yielded 2.0 cc of blood in the tube. 
This amount of blood was used as a reference for the vacuum state inside the tube. The above- 
described vacuum tube 1 was stored for one year, after which the tube was taken out to 
determine the concentration of the aqueous solution of sodium citrate that had been sealed 
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inside. The concentration was found to be 3,17 weight %. A blood sample was collected using 
the vacuum tube of the example that had been stored for one year. The amount of the blood 
collected measured 1.9 cc. 

[0045] When an aqueous solution of sodium citrate is sealed inside a vacuum blood- 
collecting tube, it is expected that the concentration of the solution will be maintained in a range 
of 3.13 +/- 0.05 weight % if the concentration is set at 3.13 weight %. In the present example, it 
was found that the concentration of the sodium citrate solution remained within the above- 
stated range even after storage for one year. We found that the change in the concentration of 
sodium citrate concentration is minimal after storage over a long period. Furthermore 1.9 cc of 
blood was collected after one year of storage, which indicated that the vacuum state maintained 
inside the tube was also satisfactory. 

[0046] For comparison, a conventional vacuum tube for blood collection, vacuum blood- 
collecting tube SP-0402S by Sekisui Kagaku Kogyo, was prepared. It was a vacuum blood- 
collecting tube composed of the following: a 4 cc size closed-bottom tube that is made of PET; 
0.2 cc of an aqueous solution of 3.13 weight % of sodium citrate; and a rubber stopper that 
seals the tube and maintains the vacuum state inside the tube. The volume of blood to be 
collected that shows the extent of the vacuum state was 2.0 cc. 

[0047] When the vacuum blood-collecting tube that was prepared for comparison was 
stored for one year, the concentration of the aqueous solution of sodium citrate inside the tube 
was found to be 3.26 weight %. The amount of blood that showed the extent of the vacuum 
state was 1.8 cc. 

[0048] 

[Effects of the Invention] According to the present invention, the first tube, which is 
composed of a thermoplastic resin and acts as a gas barrier, and the second tube, also 
composed of a thermoplastic resin that does not permit the passage of vapor, are mutually 
attached to form a closed-bottom tubular main body. The first and second tubes can be formed 
by using a material that is highly effective as a gas barrier and another that permits the passage 
of vapor with difficulty. Thus it becomes possible to offer a vacuum blood-collecting tube that 
withstands storage for an extended period with its internal vacuum state maintained effectively 
and the concentration of the aqueous solution inside kept at a constant level. 

[0049] The present invention may be used not only as a vacuum blood-collecting tube 
but also for purposes such as collecting ascites, urine, and other body fluids. 
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[Brief Explanation of Drawings] 

[Figure 1] (a) is a longitudinal section of a vacuum fluid-collecting tube of the first 
example of application; (b) is a cross section along line B - B of (a); and (c) is an enlarged cross 
section (with a section removed) to show the fitted structure. 

[Figure 2] (a) is a longitudinal section of a vacuum fluid-collecting tube of the second 
example; (b) is a section along B - B of (a); and (c) is an enlarged cross section (with a section 
removed) to depict the fitted structure. 

[Figure 3] A longitudinal section of a vacuum fluid-collecting tube of the third example. 

[Definition of codes] 

1,11, 21. ..vacuum fluid-collecting tube 

2, 12, 22. ..tubular main body 

3, 13, 23. ..stopper 

4, 14, 24. ..aqueous chemical agent 

5, 15, 25.;.the first tubular body 

6, 16, 26.. .the second tubular body 
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Figure 3 
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r o o o 7 1 f,rr- i-sp^ ± n trfflmt-mb-tz, ucn 



7mm*B$LLx%mmif$&ztix^z>. _ti& 

>\ ^ , ;7«y-ft;fr:iJr>'s 7>U$-'7A&i:V>&K, 
£W\a7>imfrh%ih<r)i?K%tiX^h. Z.0)9t 

fr^mztim^M^nmx-it. mn*> < u 7is<o« 
strata o an* u#4 t mz nu^mmmu^ 

[0008] 

fftffitxmmmtct&s of***) w-r z&m 

izm 9 .^^^sjcs-iinnKih-r 

h< tX't&ftnfomRxs/itiimwizm^mmt t 
X?-7~4 yfZtix^&izm'*^. vt^x. £9- 

WS&itt4.ri:fiEiiT'£>4. 

[0009] xmrnsmi.. Tfcaasw-SrSAur** 

&mmizm-fe<Dmm£mzmttu%mmzffitfz 
%m?m z^mh ztizhi. 

[00 10] 

fcthtzMzfoztu-z hcoxh o . ^n'ij 7tt^^-r 

-J83&wnL-r^4*jfe7)»2<^)««cfc*iflii, 
fries i. *2^«fttt, -^fls^t^HfSiixis 

d . wzx ->x-mtmn Siut^rjs^f* 

t Sr $ <^ t fiti 4 £ h S: 1 t&MQWmX'fo 
4. *J3, sWBMffcJSV^T, JtlBtf-XAU 714^12, 

T, H*fiiftftA*0. 9ml/m2 • 24^' atm 
( 2 5*C) I21T. j»«23fift*«3 .0ml /m« • 2 4 
B$IS3 • a t m ( 2 5 4 C ) WT^tf^jgj&ttKJWftJ U#4 

JKSiaa^lmmOJt^ff^CtJV^T. 0. 6g/ 
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[00 11] JJE#*A'J7tt«>«±, J I S 
Z 1 7 0 7(C*tT. *8gjii8fj8»tt(i. J I S ' Z 0 
2 0 8, Z 0 2 2 lie* tTSfieSfl* ilT'fc £ . #?S 
±i£W i 9 m 1 <0S(WJ:iW'^<'j 714 
****JR™£«»J: 02: 4 . JR 1 W'gft 
SMttStllti: LTte. ±fS#*AU7'f££?&$U#4 

2WEff^"Uxf-ixy-rU7^U-h (JUTPET) , 
7-f o > 6 . ig-fc t'x 'J tV% t'Zmfh Z. t ifX' 

'J^t:t-'JTy^f^L<fflv^ti4. 4te. miw 
tfftti. ±I£PET. oy6<>L<liJKy«Hfctfx 

4f#<9flffl£, $ ^(z^f y J&ftf^. y r>& fc'W#* 
. ^•y7tt$r^-f4ffi^«^*^ : 5:4MM^=J-T'f 
LT&4iWT'£>^TiJ:^. 
[ 0 0 1 2 ] 4fc % *2 WWfr£lM1-4fcfttf>*3£$!l 

5-*-T4Pfiy. «fcRB£$ft4fctf)r«;$:ir^ Mi. 

KfrX'it. HWK^Jxf-uy**, 7K^MHI 
SS¥#0. 1 g/m* • 2 4B§3- atm (2 5"C) t 

[00 13] 4fc, HI, S2W««t3&fll«-f4S»^ 
Mid #4 l<imWZtzli*mWV>tfm'ffif8LZ 

tii . ^4 ^i^^o^m-cm i . is 2 <?mm m 

[0014] ttz. *miiz&^x. mi. %2<r>m<& 
\t. ®tii*-m*muuz%m<r)Bm^-?h . 

fcE£$ivO>4. 81 2 o)« • 

thtzMz. rtffl<^f*W^Biifc:§§efcL<liI!!]S*JB 
fSU ^hffl!l^ES$ix4^ftOl*IlltC, ±aS§SfcL< 
i±P3»fcK*Sfi4D!l«*>L<ttSSBS:JBlfiLTtJ: 

roo 1 5] 4fc. Si, S2*yffl«7)£$U;EI--T* 



.ff»fi. ftlmmJaJb*4i4:3{(»ff*U<, Wci-o 
mZtiZ. 4fc, #4 L<{i, ±KJ|!1 , *2<tfgft 

[0017] *^tC*5V^T> «Wffcl*H;:£fA£ii4 

fctf a $ ti4 ff mco*%mm zm^ ^hzt wz- 

»7S^. ^xy^Jg, EDTAtg, NaF^rt'£7)7 7-ft: 
tt^rif<^(i«Eg9H?». y >^ >^Af^t h y 

f-v^y, ^'ey^-7K cpd, 7^b^K l J , 7A 

[0018] ±!2*^S3fil^fJAftti. 
20 £WcjEbT. 1-^^^5X1-4 [fll?g^*?S<7)fi^ t 
T5HjM#?$;h.4. *milZt$^Zlt. ±&1i&<7) f g# 
*#0MQ Zmteth i 3 tifX7-c y 7ttS.l>'7K^® 

30 [0 0 1 9 ] 43t. ±EtttWi. ^M^A. £j£3'A4> 
.L<lij»«rSfflSX7^hv-^iroaB5fc, «oy 
6, Dy66. ^'JXAr/U. sKyttfttfxy^y 

< , *4v>{i7;U$fS^i:OA«)KS:affit=««Lfe t 
^T'S>oTl>J;<. S4>t^ 7/USx^Aifc*<^fe|!2: 
a® Lfc t> OTJb o X i> X ^ . 
[00 20] ±ldfe*{i, W-KO^tt^^lfi 
ran SrSih-f 4 i •? teffi Ofttt *> ^4 *^ C coffi 0 
fiUt(CO^Ti^RRS$fi4tc0t'(i^<, Sawn 

[002 1] 

[#ffl ] *f«B*)«S»?8WCIi . m 1 J: 0 if 

til. mi. X2&tmi* M/ifcSftTOtttUBt** 
^Mw®^ ^1-4 i 3 icflWcS ^ 4 1> <r>x*h 4 
46. mi. %2^fc*i&mmiiiLxtch^m.<ry%®. 



5 

m»zz t tzx o . x i-m&mtm o . «e«jgw> 

4. 

[0023] 

Hi 14. *iWB*)!Bltf3ias«(cflR4 
KSJS«W?&»IBr4fe»<OHT*0, HI (a) U, . 
MSH£. Hi (b) ii, HI (a) OB-BHtCft 
3 K®H. ( c ) J4K£S# £ Jfcfc LX Srra^flJ^IBf 

[0024] *mmi<on£m%. t g i u . ^s^tw 
*2 1 ; m 3 1 . ^Eoi : tt**2rt^A$^j< 

[002 5JS1, g2<Df*5, 614, fflfl£>±^L 

ft6<^l4fcJa«5'^L<3ftT^4. Sfcfc. ssiw 

5 a#E;frfifc#&LT$£3*VO*4 (Hi (b ) $ 
SB) . flfcfr. SS2<tfgtt6*)*M8fcJi. ±feK^[Hia55 

Tv »2«W(c6^ail«)«*5tC#Atfc«IBT. Jb 
leK^DflgB 5at^6at 4 0 . M JbT ' 
^£i^L*vUolc5I3Sfc:@}g$ft.S (Hi 
(c) #K) . 8SlO¥ft5<0|*Jgfc. »20¥ 
ft 6 *)*Hg fc tf±fEO X o fcBH£ L < $ tiX v> 4 ft . 

9 1 5 ort^k m 2 of* 6 <D?mt timmiz® 
[0026] *mtwttt, ss i 5 m 

^□iltfcwai, SS10 < ffft5#SS24)'fftt6 X *) 

tJbrtseajjitTv^. « #*tt2*)issp 

fctt, mi. »2^rtW*c5. 6<o*S^1^>S»fc:J:4 
[ 0 0 2 7 ] 3 tt, ' T*f-/U3'AJ: 0 & 0 . -fclEfflS 
S*lT^4. *1. *2<0¥tt5. 6<7)±3% 

rl-*-& J: n (c tefk^WIE 1 <7V8«c^l»ni*7W+T'55" 
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$*lTH4. 

[0 0 28] 1(7)X?IZ. §51, §52<Ol*5. 6ft± 

ihSP^fflS5-ii7c$-ii-4 «I . 4 OflSK:** 

[0029] IfflSmAk LTJ4. #3SJSWTJ43 . 1 
3Sft^7x>^hy>7A7jc»i^ffli^*u 2m l 
OJfr$£$K-f4*:ftfc. 0. 2m 1 O^xygg^MJ 

io *7J**m.im\ztix\^. 

[0030] *1 «5«*5tt*Hifc:, S 

2<7)<§fa6tfm\i,z%mztix^t;tf. a»(c'. ^i , m 

5 Sr ffij t . u 7*n f u ^ y frh ta 4 m 2 crmW 6 
[003 1 ] rtH*>W60*HHG£iB6 a 

20 5 aa^^gjS 6all 2 fiBfc^ 

-£U#4H93S:E<9ff:^kt-4.r t* J T#4. 

[ 0 0 3 2 ] H2 {±. #SEJiOSS 2 <OHtt0l(=ff«]IS 
*HWrtttW4 li!h<rmzti D> ( a ) (iJSSfffilH. 

( b ) (i ( a ) cob - BlSUzfa 3 ^coBfrraH . ( c ) 

«tt*ftl 2t; ttl 3fc. 2rtfc&A$fl 
30 T^4*^^ffiJ 1 4 k . *&m\ 1 4 tt. » 1 , 

[0033] *Safc0fC*i. 1 2*i. P ET*»- 

mfc 1 6 1 sffisfciue L.fcflBat*-r& . -r^^ 

*l<0SUt(5!i:-R*fc:, ^iJ^lOfftl 5*\ 
l*lli^2^ftl 6*<ieS$fLT^4. MlOfftl 
5<0rtS*i, ^2^f#:l 6 0^f.gfc{JiJlpL< ZtlX 
^4. 4fe, JS1, *20»«cl 5, 1614, JJEIMS 

10 4. 

[0034] fot« m2(0l : ftl 6SrJBlO««cl 5 
At 4 i i: «t o ; m 1 1 5 O rtJSta 2 
0««cl6*«apirSii4. 4ft. 951 . »2Wff«cl. 
5, 1 6*4. ±ffl<Oi£fiFt*iV^T«*W«^»*l4J:o 

□flicii. awto«^pfl» 1 5 a^. BHa«(cs« x a 

.tc^$AT,V>4.. fltfir, g520«*1.60*Hgfctt, 
±&®£BU1 5 a^K^U#4^1 6 a*«$ii 
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^?mi<vg#i 5t^2<n^wi 6ttmw£6k&z 
[ o o 3 5 j 5*fc % *jawrctt, m i is** 

2 <^pflc 1 6 <D3-±«^£ {£§(431 t < $ flX & 0 . 

[00 3 6] &ftl-3(4, ^Ai;rtt2r*r SJif'Jx 
■?-byxU7?U-h7</l/Ai;, *a$UBijgHM£fc:ft 

a& 1 3 b t mmitimmz^tz. *nmmxn. 

Si, S2*flf*15. 16^±Sg^ffit^T^-i»7t 

tot <f Jffcfcft 1 2 Sr^jh-T h IBM) i ®<t*®% izfto 
ZktfX'Zh. 

[0037] =fir*5, ±|£7 -r ;k&& 1 3 a Srflfi«r 

.xA>j 7tt(cfgii7t7 -i iVAMt LT. PETOti. 
T, i-4vy%i:<7)itL<7)7 4/l<£.£m^Xi>J:<* KM 

[00 38] g2«Hi6MttJV^t:*., Sl^fftl 5 
fcS2<9<iftl6i:f4, -e^^SSriaag^-frT. sift 
'gftl 5trtMfc, JS20»*1 6Sr^mt=iMLTt. 



4v>. «£«ii£-wcfc; *HBJcSll$ii4* 
[ 0 0 3 9 ] 0314. 3WHB«gi3^li60lK:«*IGS 

»aw i^-mmmmxh *> . s 3 nmtmnmmm 

¥2 1711 Jt»fcWn***4*^*«*tt2 2fc 
&ft2 3AWf3PJ^xh-ri>i:3t3EA$iiTV^. f 
tf#ft 2 2 rt fc(i*»a0f!l 2 4 am $ fix a 0 . IS* 

%as*>i 2 4(4. s i vmmmx'mvz*%mm4 1 mm 

[0 04 0] *fc. «tt**2 2li. asi^nttMtiai 
±«OW§ 1 , S2?)l : ft2 5.26 

ET4 0&9. rtlBftfB2^)*«c2 6l4, tf'JTneu 
^fciOaWtSfrOJ 1 ?. SloltSfifflfcRaKc. s 

1 , s 2 <of* 25,26 ttitanaast 4 o &4>ftfcjs 

[oo4i] &ft2 3(4. mi^mmixm^ 
tmmzmti&tix^h . ssohmw. mi 
<r>mmtmtc&&it, mi. m2<m^2 5.26 

ZtlT^lZtlZbi. ttch-h. SlftSft2 5«9rt 

mt m 2 ff/m 2 6 wstfmsm u < $ftT & 9 . s 
1 <7>^f*2 5<r>iftmhm2(r>tg<k2 f><7)tmy.tf&im 



10 m- 



20 



30 



40 



»tt, S2 am ft 2 6 ^Hffit««S>JS:^ffi LXS5% , 
<T *>*BBTS 1 ^fft 2 5 £S 2 2 6 JSA^S 
i£fcS 1 ftfft 2 5 ^ft 2 6 cO^ffi t £ 
«W-*aMi-fc««WS:l«iLT*J*, ^2^ft2 6$ 

s i <o^ft 2 5 w» A-r 5 m& t'lzx^ftozt wx- 
[0042 yiss&wm 2 7 iffifct&mmmt lx 

(4 , M#£ £* LfW IS 0 SSSO ^ s c 1 3&* 

T'# 4 U < 14 . V 714$ aft 4 ?t:ft(c . 

4:i:*5l4U\ 2*4BtMT{i, ^10«ft2 57&>'P 
ETiOSr&fcft. »^L<{4, Jb!a«*»"JJi2 7J4. 
ft^- P E T»«3tW*Wl^3h.4 . , P E 

T^«3tjwt(i, PETiz. mt?m±iz\m<r)T)\s3- 

t LT(4, G o o d y e a r^tS. ffiffaZx : V i d e n 
2 0 , 3 0) KZZmfh Z. t tfX'% h . 

i , m 2 ffimmts ^x±& ifz&&mm t mm lx 
fflv \x i> 4 1 <. mz . flftw^ wm^t mtth . 

^ 1 *>SSSSfl<0*£JSiB?g 1 LT . S 1 «0«* 5 (4. 
PET40^rO. ^$75. 0mm. W&12. 5m 
m x . 2mm<0t<02r. S 2 flfft 6 i: LT , jK 

V7nt\sy£ 0=5:0 . ££73. 8mm. Mil 2. 
5mm. |SjJ¥l. 2mmO^$:fflSU M^frfflSt 
HSi-4Clfcfc:J:"9, 4cc-9-^Xcoi=^*ft2£1ffiS: 
L£. iO*tt*ft2p«j(C s 3. 1 31i%W^xyg 
7 h U ^A*Jf«S*aW0Hi: LT0. 2 c c Ail. rt 

[oo44ijjewj:5tcu-cfflKUc*s«a*i* 
twx-zte. zmmmi, msfioasi:^^. 'jje 
x hv<y M>&mm<vmm £ l ^ t ^ ^ . 3. 

S^?S^$:ffl^T$illfaL^h;^.. SiJfilfi(4l . 9c 
cX'h^tz. 

[004 5] ^xy^-f h >J »7 A^cSSS-SffiSilli^ 
rt3^At-5*&^)«K{4. 0Hi.lfl^?gJS^3. 1 
3m&%(Vt§&. 3. 13±0. 0 5fifl%<7)iEia^ 

en x o iz i ^Paisf l fea-c t . ±i zrnmn t ^ x >K 

7" h 'J 7 AjfQgSjBJgjWtti -»T ^4 - 1 iftofrb . fi£ 
o T . Ltzm^Xh *>Xl>. 9Z- y&i- h V 

74^§^?at^^-ft*vjN$ ^Zt tfhfrl . 4^. 1 
^flBfirtfUfcflMctJ^TajllftjJ* 1 . 9 c c TAiTt 
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[0046] it«ofc*>fc, m0X&m.vt IT , 

«*fc3Siaia» . *28llMF. ®d°d« : S P - 0 4 0 

cim x<vmt s saFfrrtteMASiifc o . 2cc« 

3 . 1 3fift%0?xygg-f h 'J ^ATkjfm.i: . UV# 

mmEimT'%±?$> x ? izn o # ft =j*a&£: 

(4. 2. Occtfti. 

[0047] z^MinfzMzmmuzummmt: i 

•SrSftgLfc 3. 2 6fift%T$>o£. 3:fc, x 

SffifcSrffiMlLftfil. 8cct*oit. 
[0048] 

IfMBOSftft] W±?)4o£, *#WcJ:iiJf» iSXJ*. 

awita^^^ijft^ttttii&j: vtchmi^w 

X . *»JIS)fiMF oft rtS5OiSE*0B3W« 20 



[ 0 0 4 9 ] frtj. *#lHii« M^MmtSfX'tcK . 
4 . 

CHB5«ff*S:RIB] 

[mi] ( a ) us i emmnxsgiSB!* vmm 

0, (b) (± (a) B-Bttfc$B3»fifiEL (c) 14185 

[ h 2 ] ( a > 2 ^mm^^mm^mm 

( b ) (4 ( a ) b - BrnziBottftcowmm. 
( c ) im£wmmmhtzfr?>m®zwmw 
m. 

[03 ] »3^|jSW<O3tSSJR < ffO«8»fBB0. 
[^OigBJ] 

1 . ii. 2 l-asss* 

2.12, 2 2 

3.13, 2 3-&* 

4, i4, 2A-mm\ 

5, 15, 2 5vSl«f* 
6,16, 2 6-SI2<?)««c 
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